cott, which he regarded as the "calcified chordal sheath" of a fish alhed to the bradyodonts, but which, as later researches have clearly shown (Dean, 1906, pp. 132-135; Bryant, 1936, p. 410; Flower, 1952, pp. 516-517) 1892) and subsequently by, among others, Vaillant (1902) , Eastman (1907, p. 33; 1917, pp. 236-239, pi. 12, figs. 5, 6), Woodu^ard (1921, p. 179) , Stensio (1927, pp. 314-315, 333) , Stetson (1931, p. 153 ), Bryant (1936) , Berg (1940, pp. 107-108, 360-361) , Kvam (1946, pp. 19-20, fig. 1 ), Gross (1950, p. 73; 1954, p. 80, pi. 3, fig. 2, pi. 5, figs. 3, 4, 7) , 0rvig (1951, pp. 381-382, 387, 393, 415, 433, fig. 22 b, pi. 3, figs. 3, 4) , Gregory (1951, vol. 1, pp. 102-104, vol. 2, figs. 6.2 (a), 6.3, 6.4), Denison (1956) , J. D. Robertson (1957) , and James (1957, p. 9, pi. 1) . A description of Astrasjns desiderata, based on the only fairly complete carapace of this form known so far,^mil be given in a forthcoming paper by the present writer (0rvig, in MS., b) . Various notes on the invertebrate fauna and/or the stratigraphy of the Harding Sandstone have been given by Walcott (1892) , Darton (1906b) , S. R. Kirk (1929) , Miller (1930) , Stauffer (1930, p. 83 ), E. Kirk (1930) , Branson and Mehl (1933) ; Behre and Johnson (1933) , Ulrich (1938) , Johnson (1944, pp. 320-322) , Flower (1952) , Frederickson and Pollack (1952) , Twenhofel et al. (1954) , Sweet (1954; 1955) , and Denison (1956, pp. 368-369 Darton, 1906a, p. 29; 1906b, pp. 550-551, fig. 3; 1909; Cockerell, 1913, p. 247; E. Kirk, 1930; Miller, 1930, p. 206; Romer and Grove, 1935, pp. 810-811 ;  Furnish, Barrag}^, and Miller, 1936 , pp. 1335 -1338 14-16; Amsden and Miller, 1942, p. 304; Miller, Cullison, and Youngquist, 1947, p. 31; McCoy, 1952;  Denison, 1956, p. 367) . Dermal elements of Thelodontida and Osteostraci (Ateleasjns?) have been recorded from strata of a presumed lower Middle Ordovician age in the Bighorn Mountains of Wyoming (Tieje, 1924) (1917, pp. 2.38-239, pi. 12, Ars. 5, 6) and by Bryant (1936, pp. 416-417, pi Darton (1906a, pi. 47; 1906b, pi. 73 Bryant (1927) and Howell (1937, pp. 1200-1202, p. 2, figs. 7, 8) under the name of Eoichthys howelli Bryant, and (b) Archeognathus primus Cullison, a peculiar V-shaped element with tooth-like cusps along one margin, which comes from the Low^er Ordovician Dutchtown formation of Missouri (Cullison, 1938, p. 227, pi. 29, fig. 16a,b; Miller, Cullison, and Youngquist, 1947, pi. 1 (1957, p. 453), Archeognathus primus is, in several ways, reminiscent of the Neurodontiformes (the "fibrous conodonts" of previous w^riters).
Whatever its affinities are, tliis fossil cannot possibly be a detached cornu of an early representative of the Osteostraci (as tentatively suggested by G. M. Robertson, 1954, p. 733 (Obrutchev, 1948, p. 285; Bystrow, 1955, p. 473; Berg, 1955, p. 33; according to Denison, 1956, p. 367, they are indeterminable as to group).
As will be shown in another connection (0rvig, in Peyer, 1945; Bj^strow, 1956 Obrutchev, 1956, pi. 1, fig. 4 ). These tubercles are highly reminiscent of those in Astraspis ( fig. 4 ; Walcott, 1892, pi. 3, figs. 13, 14; Bryant, 1936, p. 418, pi. 2, fig. 2 fig. 2,a) , to another species and (in view of the microstructure of the tubercles, see below) probably even to another genus than those where it is of the mature kind only ( fig. 2,6 ). It is true that, as far as one can tell, a correspondingly marked and abrupt change in the ornamentation of the exoskeleton with advancing age is not met with in any other representative of the Heterostraci and rarely, if ever, in placoderms and early teleostomians either (cf., e. g., in Bothriolepis, Stensio, 1948, pp. 169-171, 376-386 fig. 2,h, pi. 1, fig. 2 ). On the other hand, in the ridge-scales of the longitudinal crests and in the polygonal plates which probably occupied a position in the interspaces between these crests on the posterior portion of the carapace, the tubercles are inclined backwards (pi. 1, figs. 3, 4) and are frequently tapering The plates and scales of the exoskeleton are all remarkably stout, with their average thickness being, as in Astraspis and Eriptychius, probably greater in relation to the size of the animals as a whole than in any of the geologically younger members of the Heterostraci. They are built up of three layers-a superficial tubercle-layer; a middle, vascular layer; and a basal layer. In their general proportions these layers correspond closely to the similar layers in the exoskeleton of Astraspis (Bryant, 1936, pp. 418-421, pi. 2, fig. 3 ).
The tubercles are made up of two, sharply defined, histological constituents: (a) a thick upper layer of compact, semitransparent, sometimes faintly bluish white substance {ezul, hzul, fig. 3 As in Astraspis, it is penetrated by fine fibers of Sharpey radiating from the "pulp" cavity (Bryant, 1936, p. 419, pi. 3; pi. 4, fig. 2 ; pi. 7, fig. 2 ; Gross, 1954, p. 80, pi. 3, fig. 2 ; pi. 5, figs. 3, 4).
In the tubercles of early stages of growth this cavity is always undivided and completely separated from the upper dentinous tissue by the thick layer of aspidin which forms its roof (see Gross, 1954, pi. 5, figs. 3, 4) . In the tubercles of subsequent stages of growth, however, a system of fau-ly thin, straight vascular canals issue in a radiating manner from the upper part of the "pulp" cavity, terminating close beneath and sometimes almost at the boundary between the aspidin and the outer dentinous tissue {can.pca, fig. 3 ). This system of vascular canals has no connection whatever with the short dentinal tubes or cellspaces in the inner part of the dentinous tissue. A similar canal system is not developed in the tubercles in Astraspis, but may possibly have existed in the predecessors of that form (0rvig, in MS., a) .
The nature of the hard tissues of the tubercles will be dealt with elsewhere (0rvig, in MS., a) and will not be commented upon further here.
Of interest to us in the present connection is above all the fact that, by their micros tructure, the tubercles of early stages of growth invariably are sharply distinguishable from those of subsequent stages of growth (clearly shown, e. g., by sections prepared of specimens exhibiting simultaneously both the immature and mature t3^pes of ornamentation) . This is surprising in view of the condition of the exoskeleton in a great many other lower vertebrates where the dentine tubercles belonging to consecutive generations certainly may show var^ang degrees of complexity and hence may differ to some extent from each other {sqq, e. g., 0rvig, 1957, p. 388), but nevertheless are alwaj's basically similar in their histological structure.
The middle, vascular layer is thick, and its vascular canals are UTegularly distributed except in some of the polygonal plates of the carapace where they may, occasionally, show a more or less distinct "transsutural" arrangement near the marginal faces (see Delpey, 1942, pp. 52-53; 0rvig, in MS., a) . Ontogenetically this layer arose as a system of thin, bony trabeculae separated by fairly wide vascular spaces, but later on it became rather compact (more so, in fact, than the corresponding layer of the exoskeleton in most post-Ordovician Heterostraci) by the deposition of thick-walled primary osteons on the margins of the trabecles. The osteons, which are perfectly similar to those in Astraspis (Bryant, 1936, pi. 6, pi. 7, fig. 1 ; 0rvig, 1951, pi. 3, figs. 3, 4) and to those in various Psammosteids as well (Gross, 1954, pi. 5, fig. 11 ), are penetrated by fine fibers of Sharpey radiating from the vascular canals.
The basal layer was somewhat thin in early ontogenetic stages, but subsequently it increased considerably in thickness by the apposition of new aspidin lamellae on its inner side. As far as one can judge, it is not continuous basally with layers of perichondral bone. As in Astraspis and Eriptychius ( fig. 5, 6 ; see Bryant, 1936, pp. 421, 425, pi. 2, fig. 3 ; pi. 13, fig. 1 ), but contrary to the case in all Silurian and Devonian Heterostraci, it is penetrated tliroughout its extent by a great many vascular canals, ascending with about equal interspaces from the subcutaneous (subaponeurotic) vascular plexus beneath the exoskeleton.
The presence of this system of ascending vascular canals, whose more or less funnel-like openings are spread all over the basal face of the plates and scales (pi. 1, fig. 5 ; Bryant, 1936, pi. 5, fig. 2), is no doubt a primitive condition (0rvig, in MS., a These tubercles, which vary considerably in size, all consist of a pointed crown with deep, radiating grooves, and a conical neck-portion, which is frequently comparatively high. In their microstructure, they are similar to those in Astrapis desiderata (Bryant, 1936, pp. 418-420, pi. 2, fig. 3; pis. 3, 4; pi. 5, figs. 1, 3; Prvig, 1951, fig. 22b ; m MS., a; Gross, 1954, pi. 3, fig. 2 (Walcott, 1892, pi. 4, figs. 8, 9; Bryant, 1936, pi. 8, fig. 1 (Walcott, 1892, pi. 4, figs. 5, 6, 11; Bryant, 1936, pp. 423-424, pi. 8, fig. 2 As in the scales of Eriptychius from the Harding Sandstone and other formations, the dentine ridges are highly reminiscent of those of the exoskeleton in the Cyathaspida and Pteraspida (see Lindstrom, 1895, fig. 2 ; Kiser and Heintz, 1935, pi. 37; Gross, 1935, fig. 5c; and others) in that they contain, in their basal part, a longitudinal vascular canal from which a series of short vascular canals issue with fau-ly regular interspaces to both sides (can.l, can.d, fig. 5,b,c; concerning this canal system see also 0rvig in MS., a). In the material from the Pycnaspis-hearing beds there are also a few scales of large size ornamented with fairly coarse tubercles (pi. 3, figs. 5, 6) that are to some extent suggestive of the median dorsal and median ventral ridge-scales of the trunk in several post-Ordovician Heterostraci, e. g. the Cj'athaspida, Pteraspida, and Psammosteida (see Kiaer and Heintz, 1935, figs. 
